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,  liAFTKNitC  PROPERTIES  OF  PARALYTIC  SHELLFISH  POISON 

I.  Intrcxlucti  oo 

Paralytic  ahellftsh  poison,  which  is  produced  by  Gonyaulax 
catenella  and  may  be  isolated  from  toxic  nuasels  or  clams,  is  one 
of  the  moat  poisonous  substances  known  to  man.  Its  Intermittent 
occurrence  in  shellfish  growing  areas  along  the  Pacific  and  North 
Atlantic  Coasts  presents  a  difficult  problem  of  detection  and  con¬ 
trol  to  the  public  health  agencies  of  the  States  involved  ,  (1) ,  The 
fact  that  there  is  no  effective  medical  treatment  for  paralytic 
shellfish  poisoning  makes  it  a  particularly  hazardous  material  to 
handle  in  the  laboratory  or  elsewhere.  Studies  along  biochemical 
and  immunological  lines  have,  therefore,  been  undertaken  iti  the  hope 
of  contributing  to  the  solution  of  these  problems. 

Purpose  and  Scope 

The  purpose  of  this  project  is  (a)  to  determine  the  feasibility 
of  Joining  the  toxin  of  Gonyaulaa  catenella  with  other  molecules  to 
produce  one  or  more  conjugates  having  immunogenic  properties,  (b)  to 
develop  a  specific  micro-assay  method  for  paralytic  shellfish  poison 
based  on  immunological  reactions,  and  (c)  to  lay  the  ground  work  for 
Immunization  of  humans  against  the  poison. 

It  is  clear  from  the  objectives  of  this  project  that  the  research 
to  be  undertaken  has  two  distinct,  but  Interrelated,  phases.  One  is 
concerned  primarily  with  the  chemistry  of  the  poison  and  preparation 
of  the  antigen,  while  the  other  is  concerned  with  the  immunological 


problems  associated  with  the  production  of  antibodies,  demonstration  of 
their  presence,  and  evaluation  of  the  haptenic  properties  of  paralytic 
shellfish  poison. 

Properties  of  the  Folgoii 

Although  paralytic  ahellflsh  poison  has  been  Isolated  in  an  essan- 
tlally  pure  form  (2),  its  structural  formula  Is  unknovra.  Quantitative 
measurement  of  the  poison  currently  Is  made  either  by  a  bio-assay  pro¬ 
cedure  (3)  or  a  chemical  procedure  (4).  In  neither  case,  however,  are 
the  methods  entirely  specific  for  the  poison. 

The  purified  natural  poison  Is  generally  regarded  as  non-antlgenic 
because  of  its  relatively  low  fftolecular  weight  and  the  failure  of  sxpAf- 
imental  animals  to  become  solidly  immune  after  repeated  exposure  to  non* 
fatal  doses  (5) .  Some  unpublished  evidence  of  Increased  resistance  in 
rats  has  been  obtained  in  this  laboratory,  but  the  biological  mechanism 
has  not  been  determined .  \ 

The  empirical  formula  for  paralytic  shellfish  poison  is 
2HC1  (6) «  Available  evidence  In^^cgtes  that  the  molecule  is  hetero¬ 
cyclic  aiid  contains  an  imino  nitrogen  group  ( NH)  which  is  involved 

■■  ■  “v,  ^  i  ' 

in  tautomerism.  The  poison  molecule'  resembles  breetlnine  in  many  of 

its  chemical  reactions.  It  does  not  absorb  light  in  the  ultraviolet 
regioh;  however,  after  oxidation  under  neutral  or  basic  conditions,  it 
shows  two  absorption  maxima  in  this  region(7) . 

II,  Experimental 

On  the  basis  of  the  foregoing  information,  preliminary  investigations 
were  begun  to  develop  basic  methods  and  to  orient  the  research  staff  to 
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any  Lnchrslcal  dlf Eicultieg  which  might,  be  involved,,  for  purposes  of 
clarity  the  chemical  and  iiitmunologital  studies  are  presented  separately. 
Chemical  Studies  Related  to  the  Preparation  of  Antigens 

Prior  to  undertaking  any  structural  modifications  of  the  poison 
molecule,  preliminary  studies  were  undertiaken  to  learn  something  of 
the  chemical  reactivity  of  the  nitrogen  groups  present.  Conducto¬ 
metric  titrations  containing  1  mtlligram  of  the  poison  dlhydroehloride 
were  made  with  sodium  hydroxide  and  methyl  iodide.  Although  tltra-  , 
tiohs  of  model  compounds,  such  as  pyridine  and  creatlnlae,  with  hydro¬ 
chloric  acid,  followed  by  back  titration  with  sodium  hydroxide,  were 
found  to  conform  with  the  theory,  the  results  obtained  on  the  titra- 
tlon  of  the  poison  were  unlnterpre table.  In  view  of  the  limited 
supply  of  poiaon,  no  further  expirlMSfttal  work  was  under Wkeh  at  7^ 
thla  time. 

Studiea  were  carried  out  on  the  diazotization  and  coupling  of 
known  aliphatic  compounds  using  five  to  ten  milligram  quintitieil  of ' 

reactants  in  order  to  gain  proficiency  in  the  use  of  micro  rad  iemi- 

(1;', .  ■' 

micro  techniques ,  Adi^tetions  were  made  of  the. Curtius  raaeti^  _  _ 
which  \|:s  used  to  prepare  aliphitic  diezo  oompoUndlB  (8)  •  Sodium 
bromide  was  added,  because  it  has  been  observed  to  cetilyzi  dieso- 
tlzetlon  end  prevent  self-coupling  (9).  Evidence  of  e  reaction  be- 
tweeh  the  poison  and  nitrous  acid  was  given  by  a  change  in  the  re¬ 
action  mixture  from  colorless  to  bright  yellow,  with  the  retention 
of  color  even  after  the  removal  of  excess  nitrite  Ion  by  the  addition 
of  sulfamic  acid  and  also  by  the  subsequent  coupling  of  the  reaction 


product  with  p-napthol  (tradltlorial  diazocoupling  reagent)  under  basic 
condiciona.  The  latter  reaction  appears  to  be  very  sensitive,  with  a 
discernible  pink  color  being  obtained  in  the  presence  of  micrograni 
quantities  of  the  diazotized  product.  In  view  of  the  need  for  a  method 
to  follow  the  diazottzatlon  and  coupling  reactions  of  paralytic  shell> 
fish  poison,  studies  l£re  underway  to  quantitate  this  color  reaction. 

Although  the  following  experimental  work  has  not  been  confirmed, 
the  implications  of  the  observation  make  it  worthwhile  to  relate 
briefly.  When  diazotized  paralytic  shellfish  poison  was  reacted  with 
2-4  dlnitfophenylhydrazlne  reagent,  an  orange  precipitate  was  formed 
(not  excess  reagent)  which  was  presumed  to  be  a  hydrazine  of  the  dlezo> 
tized  poison.  If  this  be  the  case,  it  would  appear  that  the  preaeaea 
of  the  diazo- group  on  the  poison  molecule  gives  it  an  Internal  sta¬ 
bility  not  norfflslly  present  since  paxalytlc  shellfish  poison  does 
not  Hotttally  react  with  2-4  dlnltrojJhenylhydrazlne. 

in  order  to  get  the  lintRUnologioal  studies  underway,  an  attempt 
was  made  to  prepare  a  paralytic  shellfish  poison-protein  "antigen." 
After  using  the  above  procedure  for  prepiurlng  the  diaaotlaed  poison, 
and'lenoving  the  excese  nitrite  ion  by  the  addition  of  sulfamic  acid, 
it  was  then  given  an  opportunity  to  couple  with  ovalbumin  by  mixing 
at  pH-7.  Although  no  methods  were  evaileble  bo  Judge  the  decree  of 
coupling,  this  material  was  used  as  the  first  antigen  prepetetion  in 
immanOloglcal  studies  discussed  below. 

lugaui'iological  Studies  Related  to  Determining  the  Antigenicity  Of 
Shellfish  Poison  Complexes 

Prior  to  working  with  the  first  poison  conjugate  provided  by 
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the  chemistry  laboratory,  testa  were  made  with  a  known  haptenlc  system. 
The  antigen  consisted  of  diazotized  histamine  coupled  to  horse  serum, 
which  is  available  commercially  under  the  trade  name,  "Hapamlne." 

Two  groups  of  two  rabbits  each  were  immunized.  One  group  re> 
Ceived  intraperitoneal  injections  of  full  strength  antigen,  end  the 
second  group  received  Intravenoua  injections  (lateral  ear  vein)  of  a 
1:10  dilution  of  antigen  In  saline.  Initial  Injections  eons Is ted  Of 
0.1  ml  doses  followed  by  Increased  volumes  given  at  two-dose  Intervals 
over  a  10 -day  period.  The  final  injection  consisted  of  1  ml.  The 
snlnula  were  bled  by  cardiac  puncture  7  days  following  the  final  In¬ 
jection,  The  sera  were  collected  end  titrSted  for  antibody  content.  ; 

The  sera  were  tested  for  antihepanlne^  preclpltlns  by  nljtlag  e 
constant  volume  of  eeoh  serum  with  verying'oonrenBntratteBis  of  itttigitt 
end  observing  for  preclpitete.  The  titers  of  "the  eera  were  found  to 
be  in  excess  of  1:4000  end  "equivalence  zones"  oeeur|ped  In  the  IsiiOO 
to  li  JOd-dilut-lone-.  - 

The  heptenlc  property  of  histamine  wee  denoastratid  by  eoviloyittg 
V^^aptene  inhibition  test"  in  which  excess  hlitet^ne  alone  is  mixed 
with  entlhepemlne  serum  end  allowed  to  react.  Histamine  seturetes 
the  entlhepemlne  molecule  during  this  initial  reaction  in  such  e 
way  that  the  antlhepamlne  serum  Is  not  capable  of  giving  a  precipitin 
reaction  when  Hepemlne  is  later  added  to  the  system.  The  inhibition 
by  histamine  of  the  reaction  between  the  Hepamlne-entlhepanlne  system, 
described  above,  gave  evidence  for  the  heptenlc  nature  of  histamine. 

After  completion  of  the  Hapamlne  studies,  a  similar  experismnt 
was  undertaken  using  the  shellfish  toxin-protein  antigen  described  in 
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the  previous  section.  This  preparation  contained  2,75  mllllgrama  of 
ovalbumin  per  milliliter  and  diazotized  paralytic  shellfish  poison 
equivalent  to  0,322  milligrama  per  milliliter.  Although  the  toxicity 
of  diazotized  poison  was  found  by  mouse  test  to  be  less  than  one  per^ 
cent  of  the  original  poison,  Che  antigen  solution  was  sufficiently 

41 

toxic  to  cause  problems  on  injection  into  rabbits.  Both  of  the 
rabbits  in  the  intravenous  series  and  ohO  In  the  Intraperitoneal 
series  were  killed  during  course  of,  injections.  For  the  lone  sur¬ 
vivor,  it  was  possible  to  administer  only  a  total  of  2,5  millilitere 
of  the  antigen  preparation. 

One  week  after  final  injection  the  surviving  rabbit  was  bled  and 
Che  serum  collected.  Using  doubling  dllucidne  of  antigen  frOfii  1:2 
to  l!l024  against  a  It S  dilution  of  serutt^  no  ptee ip it in  react ion  wii 
observed,  sititilar  4itr<tlohi  Were  it tenpted  us ingi  unmodified  oval¬ 
bumin  and  paralytic  shellfish  poison  singly,  and  likewise  tio  priClp- 
itin  reactions  were 'noted. 

The  lack  of  s  demonstrable  antibody  titer  may  be  accounted  for 
in  part  by  the  lolloising  mechaiilims;  (a.)  the  total  protein  atitigih 
injected  was  not  sufficient  to  elicit  high  ehtlbody  titers ;  (b)  if 
free  toxin  were  present  in  significant  amounts  in  the  material  In¬ 
jected,  an  vivo  binding  of  aiitlbody  might  occur;  (c)  ^  vitro 
binding  of  antibody  to  free  toxin  might  have  occurred,  thus  preventing 
a  precipitin  reaction  between  toxin-protein  antigan  and  anti-toxin 
protslh  (haptene* inhibition) ,  tn  view  of  the  lack  of  reaction  when 
ovalbumin  was  titrated  against  the  antiserum,  (a)  above  appears  to 
be  most  probable  explanation. 
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III.  Projected  Reaeerch  for  Second  Quarter,  FY  1961 

The  two  problems  of  Insnadlate  concern  in  connection  with  the  cheffl” 
leal  aspects  of  this  project  are  (a)  ';he  development  of  a  quantitative 
procedure  for  measuring  the  extent  of  diazotiaatlon  of' paralytic  shell¬ 
fish  poison  and  the  degree  of  coupling  of  the  reaction  product  with 
proteins  or  other  agents  and  (b)  the  developmeht  of.,  tochhl^iies  for  de** 
creasing  the  toxicity  of  paralytic  shellflah  poison-protein  prepara¬ 
tion  without  serious  alteration  of  its  ah t£ genic  propertiaa. 

In  connection  with  the  liWnunologleal  work,  a'ddiClohll  atdd'laa 
will  be  undertaken  on  the  imcsinoganlc  prapmttiii  of  the  pijfiiyfiC 
sheiifish  poison  antigen,  along  with  appr^rilia  eontroi  ittidlil  to' 
avaiuato  the  'antigahic  propaf tihl  of  tha  pfo'Mih>  altltii 

proteins/ pirHipl  tHi  dieectiilft  f/e|hyticr~8iiiiifilH  pdilihh.^ 


tv.  siteiity 


In  addition  to  completing  prientatioh  studies  With  hdti-tdikiC  litt- 
ulaiiti  for  patelytic  iheiifiSH  poison  end  e  imdvn  keptinib  iysfcaiil  hiSId 
on^liep^ine, preiiiiUet-y  evidenoi  was  dbtaiiiid  whicii  suggests  tkl 
formation  of  e  stabile  diaso-derivative  of  the  poiioti.  this  CeiilpdUhd  ttei 
given  an  opportunity  to  cohiblne  with  ovalbuntih,  and  the  cos^llx  WeS 
used  as  the  first  experimental. antigen.  Failure  of  this  prepatatloH  to 
elicit  antibodies  in  rabbits  was  paobably  due  to  the  fact  that  ita 
toxicity  privehced  Injection  of  sufficient  antigen  to  develop  a  de'teetabU 

•  li 

titer.  Plans  are  outlined  for  further  chemical  Snd  iaenunological  stndlaa 
designed  to  overcome  this  difficulty. 
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